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®St[Hii&4 2(JTFT^^7f 5 1-54. Si^SU^ffl T F T 5 5. 5 6 , 

ELf^5 8t«$Hti^o 5 6 H\ mfift flHJftlffl T F T 5 5 <OY- Y 11 

t v-xwmvwizmmzti. r- h-v-^iirawiEv g s sr^i-sisti 

ho TFTA^;f 53 IliatilPfflTFT 5 5 <D K W >-Y- Y ti ^ 

K W >Sto«E^r- * 5 6 K&1fc-t&fr&frt:Mti-t&o * 

[0 0 5 1 ] 

tIWafflTFT5 5©V-^ISli, 2owTFT^-f 7f 5 2 , 5 4 CiI?ilt 
v^o TFTX'f y-^5 2 (±i£#tE*§U 8©H l^UIMUfflTFT 5 5«ffl*M 

u oNwticiiuafflTFT 5 5 *atft*mat*«#LB*4 8 nat-ris:«i*^o 0 

TFTX^ -y^5 4l±ELtf5 8 <0»«fc«aEW«lfflT F T 5 5©IW*#M*U ONO 
t #tc«aLiWttlfflTFT 5 5 fcafcft&mSEfcE 8 tc^-f &&#J£3to 0 ELf 

^5 8?>|&ffiU\ I*ll5 9Cil?fttv^o 
[0 0 5 2 ] 

TFTX-T -y^5 1 fi, J£*/tE«§l 4 8±OTFTA^ y * 5 2 K £ , 

at 4 30H^tlL, ONOt ^KifiifiEilM SiSWiTFTX'f 5 2 £v,fft&m 
it^jf-^-^4 3 IZiM-fUmZW^o F< -®*®8&4 9 liTFTX^ 7f 5 1 rtfttt-flllS 
^ftTjof), TFT^^f5 l7& ? ONOt #lC*£i5tE^4 8 *StK**at^*4 3 

[0 0 5 3 ] 

[H5-Cfi, TFTX^T y f-t mijKSiJ^JfflT FT £EgU LTKiE Lrt:**, tSii±#i;iI^ 
4<MU^ 0 TFT7,^7f 5 1-5 4 tliIiMTFT5 5ii^tnf 

[0 0 5 4 ] 

£tz, i5t*(if»&LtV^^ TFT7^f yf 5 l~54l±7l4i»/^44tSt$ 
ft, jt3S£*Sl'<J* 4 4 Ofg-^zj: •) ON/OF FttS^ftUtipSft&o 1tiS:0^^/s-X 4 4 
fi<£T7£S[US§4 5i:ii$ft, t£2:II]8&4 5liTFT^^ y 5 1-5 4WON/OF 
FiMfPtJDv?-; *{g-^£f&£L, 4 4 tC^-r^^^^F0 0 

[0 0 5 5] 

K7^AIC6(i> ; 6 , J2 1, DA3>a - * 2 2 , #P^:[eJ8§2 3 , *v<-/^2 4, 
^-f'^ 2 5 - 2 7-CfltBfc$ftSo K9-f/<I C 6(±^j»4 3 <7>^:TtC^^c LTi3 <9 , 

&m-%8L&izmc®&tf&nizmj&2tix\ f *2>o 2 i<d^xhy--y^7 

#o 0 DAn>A'-^2 2ii^'J2 1 K««cS ft, >^>J2 1 **|E« L £-r*v * ;Hjf£ 
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#SS 2 0 0 3 - 3 6 7 1 3 8 v : 8/ 

m^ZTi-u rW&^mm'f&mfiZZW'Oo +t^v^2 4^^yf2 5 (4^ > 7*0 > 

\Z^Vf^) y r-fZ&mZW^o Um®$&2 3 (±DAn 2 2 <7)tB^jmi± "- V d 

a t a" l: + ir^>? 2 4 <7>mJ±V c £an#U jbDMEEV o £#&£-f£ 0 ^^7f2 6 
{±in^HIJ^2 3 tm^m4 3 ^'fyf 2 6 7^0 NO <h # KJn«EE V o 3&*<g^ 

i»3 Kffi2j$*i& 0 TFT2 7(4, iflS4 3 <DW.frZn.WM 6 0<7>mi±£ lJ+$HS;v>m 
JEEt-Ttf f Z>tztb<D*4 yf-e** 0 K7^qC6^Mt^^*'J2h DA^ 

2 2, tjn#IUK2 3, 24, -;f 2 5-2 7©H, 

Vtt-»©«ft«:T F T iffiV>Ti« L, #"7*aS«4 1 ±CMLt & 7>i t>&v* c 
[0 0 5 6] 

13 5 U*5V>T\ ELf^5 8 t«%m@5 9 f±®*[ijj?&4 2 OrtSBK^TfEiE LTab 
ELf^-S 8 <h}#ffimiS5 9 (±**7^^tZ*tL-C|2I6 U^i"«t ■? &:£#ift£Beg 
i:45 0 MtHIK4 2rtt;, TFTX-f -y ^- 5 4 K»fiiLrt:»««7 0 Srlfctt, ELf 
Mf45 8 a^*"7Xi«4 1 W±HSS3|fttflfm: »)lS«l"t4o $ h »c^O±U®»M 
5 9**3K*tt*^£ «9^M$ti-2. 0 HHmfe 7 0 i:Iill5 9 iZ&ttitzUfttfELm 
T-5 8t&& 0 *^gfi7&*:fr ELtflM5 8ali, W, ^O^^ffl 

isiS7 o tmmw.m5 9 (Dmizmmzm-rz t \zx *9, e l^t-5 s 
& 0 mmmmz&WKLtzi%&, »±^^mw:^^ »«ii*swi:L^ 

f4, ^MTy7ft75 s §^®£&£ 0 
[0 0 5 71 

tZ^X\ m^rUA 3 iSifcEISU 8 f4, #7^i«4 l±Ct-^-7 yitis 

1 4 C t L fcffiEI 4 8 ^lit ^, o -g-OitC, it!7 3 mt7;v^ 

A£^**^<*>«v>&JR-Cflr#*4 3 S-ilt^o ^0±K, I6III7 2 
i7 0 tii!7 1 *MWL-$-%>o -e<7)±tc, ELl^5 8a*, $ <b MO±K, # 
MS5 9 ^^«1-So &&L£*ft4 8 tffl4 3^t-A'-77 » 
femS 7 0±CE L^T-*t#5 8 a7&*jSgj&$*iTT#7tE L 5 8 «t «9 

[0 0 5 8] 

HI8 tc, *HM^fRIO®ft^^M^^K)-t'2>^:A6<7)TFTX-t' y-f- 5 1-5 4 <7>0 
N/OF FfijfP, K7'fAIC6<0X>f-yfO0N/0FFi^ j3 4 ^fETj^Mfi^-SB 

420H, 7£?iJ«±^<7) l M&i&Wl-rzzt t LXStm-fZo 9-ABC^S§li, 
TFTX^7f 5 1-5 4 LT£«K a - c <Dm&<D&tf:mi± J £tl'?tim 9 O 

(a) - (c) izffifrtiX^Zo 119(4, H 5 0;£?Uft±|£OM5fiag§ttiS£i£#m Ltz 
mmX'fr&o x W^litt O T F T X ^ 7 f ^'0 F F (Oti^i L t ^ -S (0 9tct±JS 
*»nrv»4v») „ 18CS (25), S (26), S (2 7) (4, K?^ a'IC 6|*]<7>X 
^'^2 5- 2 7©ON/OFF^gS:^fn^Lt^4o V s i gt4^j»4 3^)1 

Etna, v g s umbtm'mmTFT 5 5 or- h-v-^m@^omjEM, i d s(±%%ftij 
mmr f t 5 5 <d v u 4 > - v - x mmmmtm. i led a&itm* 5 8 £ mix & mm 

[0 0 5 9] 

in 8 *<n£xx'ffimiti%fflx*$>&o sum toHts i-wei 5 *<Dttm±.m.<omm 

@K4 2Hl^^tm^■^r##ii^-ev^^K-e^)l9, B#£iJ t 5ri»<b t ENDiW, £?IJ* 

±&<vnmm&4 2 ^^ihititzmmm-^iz^t^x^itmi-5 s^mytLx^^mmx 

[0 0 6 0] 

mm t Ofrb t 5<7)f B l ^TOT FTX-f 7fliOFF«|T**i1, f&Tt^ 5 8 (4M 
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2003-367138 ^- v : 9/ 

B##Jt l(-i5V^T, X>f y^2 7^|^»i^ON«|i:t4^ 3<7>mJ±V 
s i g#*M&6 OomffiV d d i «9 *> +5H£^«J±K£ &o ^ Y 2 6 ^OF FC L 

[0 0 6 1 ] 

B#£iJ t 2 H£v>T. El 9 (a) Ktf1~J:^U, IEi!j@lftcDlIf5StIs]J&4 2|*)OTFT;W 
•y-^5 1-53 £0NKi-£ o TFT 5 3^0Ntlt^-&/:i6, lziaMTFT5 5 

or- hmHKfim«6 o omi±v d d7&*w*&$*L x t f t 5 2 ^0N^«s-e^^7ta6 

, m^f$IJ»ffiTFTl 5WV-^lgCliffi(OlEVs i g^#l^$n^o #-f-*£0 
lEVs i glilSHOfffiV d d i ^ +5H&v>mEE t & o 0-?\ r-h-V-x 

«SF^mi±v g s (±mrLtijtfl)fflTFT 1 s^oN-r^od-f-^&iit&fK mv^su^fflT 

FTl 5fflKM>-7-^ m^m^l i d s # ? EI * 0££j£§^£p t" ?& o TiEti-S 0 
[0 0 6 2] 

-WT, M-^-^4 3<7)$^»^«$tL^>(;^o-C'fI-t^4 3 0lEVs i g /5 ? _h# 
U «vru$lJ^fflTFT 5 5<7>r- h-V-^mffiF^mffiV g m^SIJ^fflTFT 5 5 

cox lx -y v 3 ;u K«JE V t h tc & o £ t ^ X*M : M i dsliOt^t) ^Jci - * o - OB#, 
If-SHIom/iV s i g = Vdd-Vt h"r*2b»K K9-f'<I C 6 I*J-Ct±, X -y ^ 2 5 £ 
dlLT. ^t^'y^ 2 4 lcm/±V d d - V t h«$til>o o i V) , ^HJfc^SSWCU 
B#£U t 2 >6>f> t 3 OfflK jSV^T. ISiUfflTF T 5 5 OX 1/ y v a ;!/ K«JEV t h 
tfiLT K5 4V<I C 6 tcex.*»f^SrffoTV»4 0 
[0 0 6 3] 

b#^ij 1 3 tcisv^T, ei 9 (b ) izTTsirx n mwjB&wmmm&i 2 <D 1 -o±mt 1 

^T&<Dmm®& 4 2 (£>£V>fi^5 -®*HIi&4 9) |*JOTFT7W -y ^ 5 1 £ O N 
-T&o K5^a* I C 6 |*|KjoV>T, >W yf 2 5 (iO F Fti^^»t\ 3f^v*2 
4 t±«J±V d d - V t h Jffi#Ltv^ 0 *n^HI1^2 3 "Ctt* 2 4 0«J±V d d 

-Vthi, B<$i^-C**DA3^^-^ 2 2 O&Aimff- V data tflnifU in* 
IU8&2 3 (Omtim&V oliVdd-Vth-Vdata fcfc*o X 4 y * 2 6 ^ONti 
■CabiO-C, *Pit@K2 3 OtB^mffV o ti«-^R4 3 UHJjStl, «W1£EV s i 
g J±B#£|J t 3 WfOtEJ: 19 V d a t af&v^V dd-Vth-Vdat aOlEt^^o 
o£ 19 > ^HJSf^^J-etiBf^J t 3 t 4 OKKi3V>-C, B#£iJ t 3ja«rO#-^»0«ff 
Vs i gC, m/±- V d a t a £im#-t£S&{1:£fi 1 o'Cv*a 0 
[0 0 6 4 ] 

{f#^0^)±Vs i gfiB#£iJt 3 ^liuOSJEJ: *9 fg: < taitzfztb, WMMMmi F T 5 

JnlSe^4 8 Ki3V»T, HHHUES (** v^i^r? -H*0») Oi£^ft fcf -y *-55"«Oft$ 0& 
J££2 Rttef^i, *SlE&«LLfc*5»t**§-'HM 3 fc mi/tifcPlffl T F T 5 5F^O}g#L 

i± 2 Ro^ijjgjjtt * •) , jg#t>fg{±RK&£ 0 i7t, iotioiitiiifflTFT(7)y- 

F-V-Xl«lEVgs=Vth' tlB.jE.1rZ> y-^Ig(Olff(iVd d-V t 
h' fciiOt, ®t/uBE*l4 8 icti, y-XfI(?)fffi:ifl4 3WlEVs i g^i 
m/±V data - (Vth' - V t h) Z> 0 LtziF-oX, *-&<DfeMlz£ t) % 

s^tseii 4 8i: a* 4 tea d %3Ht i (Dmmtmtiz 0 hum tftckv^-v 

-*«ftlW«»L i d s &|W| CmvM i OSSgTFatft&o 
[0 0 6 5] 

i=Vdata |1- (Vth' -Vth) /Vdatal /R — (^4) 
B#£lJ t 4 KfcHT, ^kXCOT FTX'f y O F F 4 t , SiltiftiTFT 5 5 O 
r-h-V-XliKIEVgs=Vt h' H\ *t^y?5 6CJ:ot§#$li4„ 
[0 0 6 6] 

B#^iJ t 5^t>B#^iJ t ENDit^K, El 9 (a) H^i"J: d IZ, mW)E &}<DWmMS& 4 
2rt©TFT^>f?f 54 *0NttSi:t4» «ilL»J»ffl T F T 5 5 ^ILTELt^5 
8 KS»iLjH»tii&£*U E L^5 8 t±l&^;i--2>o K7-fA*l C 6(ii«Iti: 

li^tM-^^«i^^T-v^T^^v^ 0 ) i^ti, mStSUffllfflTFT 5 50 YV4 
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gs-vth' t)mmm i tcsuis$n*o el^s suaEtismaei l 

e d imatitt i bzmmzti&o 

[0 0 6 71 

ELt?-5 8 0MSlii LEDO*aEfl[UJt«i-*0-C, ELf^58<7)f« 
i UJt«i-*o Lfc**oT, llftM-f-(7)1f^* tomJEV d a t aCiot, E 

7c;*¥gt * IWfP t?^OT, *£tt^£OTOfi fe£E;F%af*iBtt £ S i t j&*T? § * o 

[0 0 6 8] 

fc ;6t, S:4 HJ3V*T, 1EV d a t a ?)Jgi|i§£mJ± (V t h* -V t h) «£ •) +53* 
:*:£<1-£c:«J:KJ:»K ^: 4 (±. &<D:£ 5 xftW-f * - fc § & 0 
[0 0 6 9] 

i = V d a t a/R — (5^5) 

Z<Dm&. ^5<0fflCli, mi±Vd a t a^£W4 8 O^St^^ib** hK&fe 
JjttitR L^&v^co-e, E«ft££t4 8U^Lfc*£J5Ltt*#fc-£S£i:K:J: 0 , 0 
com'BEV d d ^, m : MUmmTF T5 5^l/r>3* K«BEV t h tf>jMP*$lt-f fc* 
SSEtt i kmi±V d a t a £Jt#!l$-£S - ttfX% S Z\ t ZMMir&o L^oT, MJfe 
038WOiB«*^MS:flllS-r*EL*T-5 8 Of&7£5&!£(±, tilEV d d<0»^, 

[ 0 0 7 0] 

*H*^Si«^^Lfcii«a^*«tt. j*ffir««, tv, pda, y-hpc, 
izmm-r&z.tT', m^mm. tv, pda, y-hpc, ^-^isiotot^, 

[0 0 7 1 ] 

< 26*^88 3 > 

mf^ LfcJfc 1 *3 «fc 2 om&^SSffl-eti. B3£lll&o TFT nft^)^lv> 

^@!&<7) T F T £ £T p -V T F T "CflUKi" S CI fc # S i (±H£ <b ^"C* S e 
[0 0 7 2] 

ttzmi OH, hu&L£^ 1 £ J:ir»2 O^Jfe^^ljT-fflv^nSin#HlK2 3 0EJE& 
Mf&Zm-fo tiP^EIi^ 2 3 t± x *^T>^EI»8 1 , «6t« r £«Fofc«#L8 2 , 8 3t 

[0 0 7 3] 

Vo=Vc - ( r / r ) Vdata=Vc-Vdata — (^6) 

LtzifioXm 1 0 L/ctJD^m^fi. - V d a t a <7>fi£ * a?v * 2 4omJ±V c 

[0 0 7 4] 

11 1 Ki, B&i£L£fS 1 0f»2 <D^mMWMxm^ h HZ> K7^/<IC 6Oft#0 
S§£^-to K7^AI C 6Oftt>0 fc, K7 -f/<HIiJ§6 a £ k^-ei S c K^-f^ 

13 & 6 a(±, t*©I a B B ry X-fUJtemZ'jfcmZtlX^&T-i-ziym&.mt} K7^^l 
C8 TFT^^yf 8 7, 88, *irAy?8 9tf)S$ntv>So TFTX^; 

•f-8 8 f±M^3 comjE^fg;v^msnTtfS7ci6<7)x-r y*-e$>*)^ mi text/mso* 

^•vf 2 7 ^r-TSo TFT^^f 7f 8 7I±M^*3 fc* 8 9 0f B ^i 

3£U M-^i»3<0«JEtl K7^f /<I C 8 6<7>£U#«JI£ftlii:-t-S k §K0Ni:tSo 
[0 0 7 5] 

ni2(i, mi i Kis^x j s<mt)W&v d<Dmtiztt-rz>m^&w&.v s i go 

ttlaE# 2003-3109818 



mi 2003-367138 



^-v: 11/E 



fc&ZTjkLfzm-e&Zo T F TX^ y f- 8 7 £ONH LfcttJRT, K7^^I C8 6<Dffi 
tJmEEV d £ 0^<b, Mftff^-e^^- V d a t a K^ffc$« £ , * v * ^ 2 SflHF- 

F^mi±^(±tu^i'£fL'c§&v><7>-e, ^-^^<omi±v s i g&mj±vd a t a^^-r 

ho fztzL, 8 90#S(i, if!3(7)f±fIJ: 0 £ +53^ § v> <7) 

UwSo >l>r-C\ #^c07C<7)mJE^V d d - V t htz^tztUfc-fZ t , ±|EiJiff^ 
iot, miff Lv>SJ±V d d-Vt h-Vda t a t& ? #I£1-& £ t (cfc* 0 o| 

01 1 O0»{±^||3O«EE(C- V d a t a ©IJE^Jpit § & .1 fc £t£i$M-& „ 

[0 0 7 6 ] 

[m i ] *f&wfc%zni&&mmw:<7>m 1 ©nife^a8«*^'tiaj»*j*Ho 

[12] 0 1 K^LfcB*@»0#jHa«j£*5rrBKEIo 

[0 3] f&l O^ffiWOE Lt^ililiOM^^tio 

[04] m i <7>mmfmM<DmM-m^ x^yfooN/oFFift, & 
[05] *§twiz&2>mmm*mm<7)%i2 <Dmmfmm^7^-tmmmmcm 0 

[0 6] i2^iiPJOEL|^ ^H&miS, Jsiimjftie^*^*- 

7Fl"0o 

[0 7] B6t:*uA-A' mzra-otzUftnmmMo 

[08] m 2 (DmrnwrnmommmM. TFu^;fooN/oFFi^ i§^m 

[0 9] TFT^-f y^O«Jiggffc*:*Lfc0o 

[0io] »iau f »2o*ife^^-cfflv^n-6ijn#igKoiiiK0o 

[01 i] miRvt%2<Dm&itmwx~m^htiz> k^^^i coft#ms&^^-r0 

o 

[0 12] K9>f/^m^«£EO|E<b^-f *«-^«l*JEOJc.«FSr^-r0o 
[013] EL*T*«ofclii*0|&Ofl£*««:^-r0o 
[ff-^tfclE] 
[0 0 7 7 ] 

5— j£Sc[Sg&, 6-K7'f^'IC, 6 a — ft#[I]i£&> 7—^-7^, 11-14— TFT 
^'fff, 1 5-m^$IJ'#fflTFT, 16-4t/^y^ 1 7 —SSfiiS, 
, 18a-EL*^M, 1 9-«MH, 2 2 (M) , 2 2- 

(DAC) , 2 3 —1mM-®$&, 2 4-4t/^y^ 2 5 - 2 7-^^yf 
, 3 0-HS1S, 4 4 2 -IS* [Hi®, 4 3-ifI, 4 4-^SI^ 

^, 4 5— jfcMIKK 4 8— IgffiEiBL 4 9 -^5 -®5ifHIB&, 5 1-5 4-TFTX^ 
5 5— ©JfiPffiT F T, 5 5 5 8 a — EL mi- 

*m> 6 7o-»Mi, 7 1-74-iii, 8 l—^^T^-rniK. 8 

2, 8 3— SJjt, 8 6-4*5^^10, 8 7, 8 8-TFTA>f -yf, 10 1-gja, 1 
0 2, 1 0 3-pf^^;HFT, 10 4-^^fTFT, 1 0 10 6- 

*^/*->*, 10 7-«iII, 10 8-ELff, 109-AM?o 
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[@2] 

m 2 




4d 
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[0 3] 
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[14] 




iLED 



••Time 



tEND 
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^ — v 



5 



[0 5] 
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[16] 




ftfiE#2 0 0 3 
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[0 8] 



8 



9-ABC 



S(25) 



ON 
OFF" 

S<26> OFF" 
S(27) ° N 



OFF" 



Vsig 



Vgs 



ids 



iLED 



n 



Vth ! 



Vdd 



,,Vdata 



n 



T~ 

Vdd-Vth i Vdd-Vth-Vdata 



Vth 
i — 



1 



Vth' ! 



t1 t2 



t3 t4 



to 



t5 



■♦Time 



tEND 
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[EI9] 



43|~K 48 t 9 
■| — I 




I — I 




i 55 



42 



(a) 





1 u 



iV 



;ij-2R 52 <^ 2 53 



3r 



51 i Hf 2R i 55 




4> 



49 

_S_. 



42 



59 54 i 55 



±4 



42 
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[110] 



m 10 




[mil] 



Vdata 



11 



6a 




86 
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[112] 



m 12 



Vd 



Vsig 



0 

-Vdata 
V 

Vdd-Vth 
Vdd-Vth-Vdata 



A 








Vdata 


i 








Vdata 







■♦Time 



im 1 3i 



13 




103 



109 
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1/E 



[mm] 

[mm] mMWL<7>mj±&T * „ tfto* u^a^ vm&^h^^^mLtz^it 
fc it ^-mi± £ um l t sm-^h k mm i m * -r * £ n x. & „ 

H 1 
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